Langmuir-Blodgett films (LB films) have been studied for two decades for their remarkable properties and for their possibility of functionnalization by different types of molecules [1, 2] . The main applications are in the domains of molecular electronics, non-linear optics, sensors. The latter domain concems the gas media as well as liquid phases; in this case, biosensors play a particular role. The biosensors based on LB technique utilize an active layer constituted of one or several mixed layers of two types of molecules: an amphiphilic molecule mimicking the lipids of the biological membranes, and a biomolecule, the active component able to recognize specifically a chemical species. In most cases, the biomolecule involved in these systems is an enzyme [3] [4] [5] [6] [7] [8] [9] [10] [11] . A major problem encountered for designing these biosensors lies in the difficulty of organizing properly the structures at the molecular level.
The techniques of near field microscopies play a privileged role in the characterization of LB films [12] [13] [14] [15] [16] [17] [18] . Atomic Force or Scanning Force Microscopy (SFM) appears to be a powerfull tool for imaging these systems at a molecular level. However, only few papers deal with imaging of mixed layers of proteins and fatty acids [19] [20] [21] [22] .
In a previous paper [21] [24] led to the establishment of a model showing the possibility for the enzyme i) to adsorb at the air/water interface between behenic acid molecules, ii) to adsorb below the polar heads of behenic acid molecules. In this paper we utilize this first model to adapt it to the system resulting of a transfer, i.e. a mixed bilayer adsorbed on HOPG constituted of two patches of the mixed monolayer (Fig. 1) . The model is based on some assumptions: i) the structure of the mixed monolayer is not perturbed by the transfer and the structure of the mixed bilayer results from the superposition of two patches of monolayer, ii) some configurations are rare [15] : for example, the simultaneous presence in the two monolayers of enzymes molecules alone (not covered by behenic acid) may be considered as very rare, iii) there is no hole in each monolayer.
The model takes into account typical situations which may be encountered; however, it cannot be considered as an exhaustive model taking into account all the possible configurations. Its purpose is to tentatively explain the SFM images. Five typical situations are represented in the model (Fig. 1 At the microscopic scale, SFM measurements reveal a great heterogeneity (image 10 03BCm x 10 03BCm of Fig. 2 ) characterized by randomly dispersed "islands" which may be attributed to enzymatic structures. This dispersion of enzyme islands is consistent with our model.
The coverage ratio of enzyme molecules is approximately 35%; the layer of glucose oxidase is not continuous. The size polydispersity of enzymatic islands is important; the minimum characteristic length observed is about 50 nm, which corresponds approximately to an island of 100 molecules; the largest islands occupy a surface of 0.1 03BCm2.
It is possible to remark in figure 2 two types of defects on the graphite surface: the first defect is a step (approximately 10 planes of graphite) near a diagonal of the image (up-left to down-right); the second one, more visible, is a "strand" running from the left to the right limit of the image.
The image of figure 2 is informative in terms of in plane structures (X Y); in order to appreciate the height of the enzymatic structures (Z information), we studied a section profile (Fig. 3) corresponding to a part of the image of figure 2. This profile is characterized by flat structures at different levels above the reference plane (assumed to be a behenic acid bilayer). The heights measured on this profile are 5.4, 6.5, 7.2, 10.8 and 12 nm, which may be related respectively to the three characteristic dimensions of the glucose oxidase molecule [25] , and to two combinations of these dimensions. In this part of the original image there is no island whose height corresponds to more than two layers of enzyme. An histogram of the whole area of the image (Fig. 3) reveals a frequent height of 7.2 nm.
The sample has then been studied at high resolution with the liquid cell. The first image, obtained without any processing, (Fig. 4) (100 nm x 100 nm) corresponds to a part of an enzymatic island; alignments appear clearly, separated by approximately 6 nm; they can be considered as enzymatic structures. These alignments themselves seem to be divided.
This result is consistent with our previous work conceming the observation of the same type of sample in the air [21] , in which analogous structures were observed. Moreover, these periodicities have been obtained, independently of the angle of rotation, of the scan size and of the scan rate.
The image has then been processed by FFT, and the resulting image (Fig. 5) has been obtained by a filter used for removing very low frequencies and so flattening the surface of the sample in order to distinguish fine structures; the structure of the crystallization of GOx appears clearly. In several parts of the image, shifts between the alignments and slight changes of their orientation reveal defects in the crystalline order. The origin of these defects is not clear; they may be due to defects (steps) on the graphite plane; an other possible explaination might lie in the enzyme crystal growth process itself: the defects might be the frontiers between different crystals growing independently, until they meet, with slightly différent orientations. figure 4 ; the structure of the crystallization of GOx is well defined; shifts between différent parts of the image reveal several defects in the arrangement.
Image of figure 6 corresponds to an enlargment (50 nm x 50 nm) of the right upper part of the image of figure 5 and a lowpass filter was applied; the two subunits of the glucose oxidase molecule are more visible (rectangle drawn around an enzyme molecule) and their dimensions are consistent with the data of the literature [25] . A small depression between the two subunits may be distinguished in several enzyme molecules, in agreement with thèse same data.
The image presented in figure 7 was obtained by FFT figure 5 ; the two subunits of the glucose oxidase molecule are clearly visible. consistent with the model developed in this paper on the basis of our work conceming the structure of these mixed films at the air/water interface.
Enzyme molecules being covered by a behenic acid film, the obtention of a highly resolved structure of glucose oxidase is very difficult. In order to get better results, we shall try to elaborate a mixed structure in which GOx molecules are not covered by behenic acid.
The next step in our work will be to compare, by the same SFM technique, these mixed structures elaborated by this horizontal lifting method, and the classical vertical transfer method. The first scanning electron microscopy results seem to indicate a difference in the order, at least at a microscopic scale.
The natural evolution of this work devoted to mixed fatty acid/enzyme structures will be a better control of their arrangement, by varying different physical-chemical parameters. 
